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Schematic DNA structure of OBP-401 and 
selective replication of OBP-401 in human 
cancer cells. (A) OBP-401 is a telomerase-
specific replication-competent adenovirus 
variant, in which the hTERT promoter element 
drives expression of the E1A and E1B genes 
linked with an IRES, and the gfp gene is insert-
ed under the CMV promoter into the E3 region 
for monitoring viral replication. hTERT-p, 
hTERT promoter; Ad-E1A, adenoviral E1A; 
Ad-E1B, adenoviral E1B; CMV-p, CMV pro-
moter; poly-A, polyadenylation signal; ITR, 
inverted terminal repeat. (B) Relationship 
between hTERT expression and GFP fluo-
rescence. Relative hTERT mRNA expression 
and GFP fluorescence in human tumor cell 
lines were determined by real-time RT-PCR 
analysis and fluorescence microplate read-
er, respectively. The relative hTERT mRNA 
expression ratios normalized by dividing the 
value of H1299 cells are presented for each 
sample. Relative GFP fluorescence was mea-
sured 48 hours after OBP-401 infection at an 
MOI of 10. (C) Time-lapse images of H1299 
human lung cancer cells were recorded for 48 
hours after OBP-401 infection at an MOI of 10. 
Selected images taken at the indicated time 
points show cell morphology by phase-con-
trast microscopy (top panels) and GFP expres-
sion under fluorescence microscopy (bottom 
panels). Original magnification, ×200.
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2C). This automated microscopic scan system allows us to obtain 
high-magnification images with a large field of view.



























Comparative analysis of CTC detection by OBP-401, real-time RT-PCR, 













A simple method to detect telomerase-positive cells in the blood. (A) Steps in the sample preparation for GFP fluorescence detection. Blood 
samples (5-ml samples) are collected in heparinized tubes and incubated with rbc lysis buffer containing ammonium chloride (NH4Cl) for 15 
minutes. After centrifugation, cell pellets are mixed with 104 PFUs of OBP-401 and incubated at room temperature for another 24 hours. Cells are 
resuspended in 15 μl of PBS following centrifugation and then placed onto the slide under a coverslip. (B) System for automated fluorescence 
molecular imaging. The automated optical scan system serially captures segmented tile images in the area of the coverslip under fluorescence 
microscopy. (C) A high-resolution large view of the reconstructed tile images. The zoomed image allows easy visualization of GFP-expressing 
cells among millions of blood leukocytes. Original magnification, ×40 (left panels); ×100 (middle panels); ×400 (right panels).
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Selective visualization of human cancer cells by OBP-401. (A) Phase-contrast and fluorescent images of peripheral blood cells mixed with 
H1299 human lung cancer cells. Variable numbers of H1299 cells were spiked into 5 ml of whole blood samples from healthy donors and then 
immediately analyzed for GFP expression. Original magnification, ×100. (B) Efficiency of labeling tumor cells added to whole human blood with 
OBP-401. The number of tumor cells spiked into whole blood versus the number of GFP-expressing cells is plotted. Each value represents the 
mean ± SD. (C) Immunohistochemical staining of GFP-expressing cells for CK-7/8. The blood samples mixed with H1299 cells were analyzed 
for GFP expression, fixed with 2% glutaraldehyde, and then stained with rhodamine-labeled anti–CK-7/8 antibody. Overlap of green (GFP) and 
red (CK-7/8) fluorescence was displayed as yellow fluorescence. Original magnification, ×600.
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Comparison of the sensitivity of CTC detection by real-time RT-PCR and flow cytometry. (A and B) Variable numbers of H1299 cells spiked into 
1 ml of whole blood samples from healthy donors were prepared. The relative expression of hTERT (A) and CK7 (B) mRNA was determined 
by real-time RT-PCR analysis. The amount of hTERT and CK7 mRNA was normalized with data from the real-time amplification of the GAPDH 
housekeeping gene. The blood without H1299 cells was used as a negative control, and H1299 cells without the blood were used as a positive 
control. (C) Flow-cytometric enumeration of variable numbers of H1299 cells mixed in 1 ml of blood samples. After the lysis of rbc, blood samples 
were infected with 104 PFUs of OBP-401 for 24 hours, and then subjected to flow-cytometric analysis. The numbers above the bars indicate the 
actual numbers of GFP-positive cells. Each value represents the mean ± SD of triplicate experiments.
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Enumeration of CTC in patients with gastric cancer and other malig-
nancies. (A) CTC counts in 5-ml blood samples from 37 patients with 
gastric cancer. Patient characteristics are summarized in Supplemen-
tal Table 1. (B) The frequency of CTCs in 5-ml blood samples obtained 
from patients of various types of cancer.
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CTC numbers classified by disease stage (as defined by the TNM classification 
system) and type
Cancer	 Stage	 GFP-positive	cells	(per	5	ml)
	 	 0	 1–5	 6–10	 11–20	 21–30	 ≥31
Gastric I 5 5 2   1
Gastric II  4   2 
Gastric III 3 2 1   
Gastric IV 3 4 1 2 1 
Colon I    1  
Colon II      
Colon III   1 1  1
Colon IV  1    
HCC II 1     
HCC III 1     
Breast IV    1  
Lung I 1     
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Images of GFP-positive cells obtained from the peripheral blood and the primary tumors. (A) CTCs were visualized by GFP expression among 
peripheral blood leukocytes in the blood sample obtained from a stage Ib gastric cancer patient (case 31). A single-cell suspension was also 
prepared from surgically removed primary tumor and exposed to OBP-401 at an MOI of 100 for 24 hours. (B) Primary tumor cells were also 
isolated from a patient with stage IIIa colon cancer (case 3) and infected with OBP-401 at an MOI of 100. Cell morphology of CTCs and primary 
tumor cells is shown by phase-contrast microscopy (first and third rows in A and first, third, and fifth rows in B), and GFP expression is shown by 
fluorescence microscopy (second and fourth rows in A and second, fourth, and sixth rows in B). Original magnification, ×600.
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CTC dynamics at baseline and after treatment in patients with gastric or colon cancer. (A) Quantitation of CTCs in peripheral blood samples 
from an advanced gastric cancer patient (case 1) with multiple liver metastases who received 2 cycles of systemic chemotherapy. CTC counts 
at the indicated time points (orange bars) were plotted along with the levels of tumor markers CEA, CA19-9, and CA125. A decrease in the CTC 
number from 7 to 0 was observed 38 days after starting chemotherapy (red arrows). (B) The patient with recurrent gastric cancer at regional 
lymph nodes (case 27) was treated with 2 cycles of systemic chemotherapy. The CTC quantity (orange bars) and CEA level were well correlated 
over the course of treatment. (C and D) Changes in CTC numbers after surgery. CTC numbers were measured before and 4 weeks after surgical 
resection of primary tumors and regional lymph node dissection. (C) Two gastric cancer patients (cases 5 and 9) underwent a total gastrectomy 
and distal gastrectomy, respectively. (D) Low anterior resection was performed in 2 colorectal cancer patients (cases 3 and 4).
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